INTRODUCTION
Night blindness, xerophthalmia, Bitot's spot, keratitis, and keratomalacia are well-known clinical manifestations of hypovitaminosis A (1) . However, this condition is classically related to food deprivation associated with malabsorption syndrome resulting from poverty and/or chronic disease (1) (2) (3) . The present review aims to inform health professionals of the modern presentations, causes, associated systemic diseases, and risk factors of hypovitaminosis A. The utility of retinoic acid application for the treatment of skin diseases and dry eye is also discussed (4) . Herein, we present the clinical presentation of hypovitaminosis A and discuss strategies for the investigation and treatment of the causes and consequences of hypovitaminosis A and side effects of the use of retinoic acid (a form of vitamin A) in dermatological and oncological therapies.
HIsTORy
The classical clinical presentation of the disease currently known as vitamin A deficiency was first described in antique medical documents of the ancient Egyptian civilization, although underlying me-
ABsTRACT
Clinical presentations associated with vitamin A deficiency persist in poor regions globally with the same clinical features as those described centuries ago. However, new forms of vitamin A deficiency affecting the eyes, which have become widespread, as a result of modern societal habits are of increasing concern. Ophthalmic conditions related to vitamin A deficiency require the combined attention of ophthalmologists, pediatricians, internists, dermatologists, and nutritionists due to their potential severity and the diversity of causes. As the eyes and their adnexa are particularly sensitive to vitamin A deficiency and excess, ocular disturbances are often early indicators of vitamin A imbalance. The present review describes the clinical manifestations of hypovitaminosis A with an emphasis on so-called modern dietary disorders and multidisciplinary treatment approaches. The present review also discusses the relationship between retinoic acid therapy and dry eye disease. chanisms were elucidated more recently. The causes of deficiencies in the micronutrient vitamin A, the biochemical vitamin A pathway, food sources of retinol (vitamin A) and its metabolites, and the physiological roles of vitamin A have only begun to be understood since the 20 th century (5) (6) (7) (8) (9) (Figure 1 ; Table 1 ). Interestingly, one of the most complete and objective descriptions of the clinical manifestations of hypovitaminosis A was published decades before the specific underlying cause was known by the Brazilian ophthalmologist, Manoel da Gama Lobo, in 1865 (10) . Dr. Gama Lobo reported four cases of children, all descendants of slaves, with ocular disease who subsequently developed lung and digestive disorders before ultimately dying. In this report, the disease was termed Ophthalmia Braziliana, and the clinical progression was comprehensively detailed. Food deprivation was identified and credited to the practice of extensive monoculture in the farms of Southeast Brazil, in that century dedicated to the production of coffee and sugar.
Keywords
Dr. Gama Lobo attributed the signs and symptoms observed in his patients to the poor diet of slaves and their descendants, a problem that he never saw in his homeland to north of the country where agriculture production was dedicated to local consumption and therefore more variable and abundant. At the end of his report, Dr. Gama Lobo called the attention of legislators to the need for laws aimed at preventing the sequence of problems he outlined. His paper was published in Portuguese and in German but is relatively unknown to the majority of the medical community, although it is now freely available online (11, 12) . Recent epidemiologic data from Brazil in a study population of 3,499 children aged between 6 and 59 months and 5,698 women aged between 15 and 49 years revealed that hypovitaminosis A is present in all five regions of Brazil with a prevalence of 17.4% and 12.3% among children and women, respectively (13) . The highest prevalence was found to be in urban areas and the northeastern and southeastern regions of the country.
ClAssIC DIseAse
The typical medical scenarios leading to hypovitaminosis A are low food intake, intestinal parasitosis, malabsorption syndromes, and diets containing low amounts of vitamin A (Figure 2 ).
Hypovitaminosis A is classically caused by food deprivation. It is present in rural areas and the peripheries of large cities in South Asia, Africa, and Latin America, and the poor communities of large cities of developed countries (14) (15) (16) (17) . The most vulnerable individuals are children and pregnant women. The prevalence of hypovitaminosis A can reach 50% in children under 6 years of age in certain areas (18) . Laboratory confirmation of the diagnosis of hypovitaminosis A is defined as a serum retinol level <0.3 mg/l or 0.7 µM (19) .
In addition to ocular problems, hypovitaminosis A also predisposes individuals to retarded growth, infertility, congenital malformations, infections, and early mortality (18, 20) . The issue of vitamin A deficiency in these populations, distributed in more than 45 countries, has been the target of international preventive programs of vitamin A supplementation and periodic evaluation (16, 18, 19) . Individuals suffering from food deprivation and malabsorption are often infected with intestinal parasite diseases, such as Ascaris lumbricoides and Ancilostomides, Giardia lamblia, which may aggravate the inflammatory background and the signs and symptoms of hypovitaminosis A (21) (22) (23) (24) . Other well-known causes of vitamin A deficiency can be grouped into conditions associated with malabsorption syndrome. The treatments of several diseases that cause digestive disturbances and/or absorption of lipids and vitamin A have improved in recent decades leading to increased life expectancy and improved the clinical control of hypovitaminosis A allowing the majority of patients to lead a normal life. However, the majority of these patients will develop xerophthalmia (the specific term for hypovitaminosis A-related dry eye), which may progress to more severe ocular damage and other clinical manifestations of vitamin A depletion (25) (26) (27) . Acquired diseases associated with malabsorption syndrome known to cause hypovitaminosis A include chronic pancreatitis caused by chronic alcoholism, liver and pancreas autoimmunity, Crohn's disease, and ulcerative colitis, among other diseases affecting the digestive system (28) . Congenital diseases associated with malabsorption syndrome and hypovitaminosis A include cystic fibrosis and short bowel syndrome, among other genetic diseases that may impair intestinal vitamin A absorption in individuals with normal or high oral intake of retinoid and carotenoids (2, 29, 30) . The fourth group of conditions that classically cause hypovitaminosis A is those that may initially lead to malabsorption syndrome but later progresses to impaired hepatic storage of vitamin A. Biliary cirrhosis, chronic hepatitis, and chronic cirrhosis caused by toxic agents, viruses, and other causes may lead to hypovitaminosis A and should be screened for and treated by parenteral vitamin A supplementation according to body mass index and level of vitamin A deficiency (31) .
MODeRN DIseAses AssOCIATeD wITH HypOvITAMINOsIs A
In recent decades, the conditions known to induce hypovitaminosis A have been classified into four groups. Despite their varying prevalence, such conditions should be carefully considered by ophthalmologists during routine clinical practice.
Modern causes of hypovitaminosis A that may also lead to xerophthalmia and other eye diseases and cause blindness are shown in ( Figure 2 and Table 2 ) and comprising voluntary ingestion of low vitamin A diets or restrictive diets (e.g., vegetarian or cafeteria diets), psychiatric eating disorders (e.g., anorexia and bulimia), bariatric surgeries mimicking malabsorption syndrome, and chronic diseases that affect organs involved in vitamin A digestion or clearance (e.g., Sjögren's syndrome and kidney failure).
Restrictive diets resulting from dietary behaviors may lead to a status of hypovitaminosis A and the consequences mentioned above. Diets adopted in conjunction with drugs to reduce appetite, diets with monotonous ingredients, and diets with limited sources of animal ingredients containing retinol and beta carotene (meat and dairy products such as milk, eggs, and their derivatives) are typically followed in the belief they will offer better control or prevention of certain diseases or improve general health (32) (33) (34) (35) . Exclusively vegetarian diets particularly put children and pregnant woman at increased risk of hypovitaminosis A as the conversion of beta carotenes present in vegetables to retinol is limited during digestion and the availability of vitamin A for absorption and hepatic storage is <20% of dietary vitamin A content (1) . The so-called cafeteria diet or competitive food, based on refreshing sodas and industrialized food, is predominantly composed of carbohydrates and lipids of vegetal source and provides insufficient amounts of dietary vitamin A. Accordingly, such diets could be considered causes of hypovitaminosis A and associated ocular problems in patients with excessive habits related to these diets (36) . The second group of causes of hypovitaminosis A includes the psychiatric eating disorders, anorexia, and bulimia nervosa, recognized as major, growing health problems with severe clinical complications, and high mortality. Both can cause hypovitaminosis A due to chronic dietary disturbances. The complexity of such conditions must be recognized in the context of early signs of xerophthalmia and should be managed in parallel with psychiatric specialists (37, 38) . Bariatric techniques for the treatment of obesity include jejunoileal bypass and stomach reduction to induce weight loss by malabsorbtive and restrictive mechanisms (39) (40) (41) . Patients require vitamin supplementation following these procedures; however, a recent study in Brazil demonstrated that even before bariatric surgery a re lative amount of patients already have hypovitaminosis A, and that this prevalence increases 30 and 180 days after the procedure (42) . In patients with no compliance for a period of weeks or months, ophthalmologists may evaluate the initial manifestations of hypovitaminosis A. Special attention should be paid to patients undergoing oculoplastic or refractive surgeries as their nutritional status may be subclinical and cause disturbances in ocular surface homeostasis and wound healing leading to poor outcomes and serious ocular com plications (40) . Patients with the above-mentioned conditions may share a number of characteristics including individual concern and anxiety regarding body image, health, and satisfaction with food consumption.
The fourth class of modern causes of hypovitaminosis A that may contribute to or worsen ocular surface diseases is the chronic disease leading to chronic impairment of the organs involved in digestion and clearance of vitamin A metabolites (Figure 1) . Although the ma jority of these diseases are not new, improvements in therapeutic approach have allowed affected patients to lead longer and more active lives. Similarly, vitamin A deficiency may be neglected in patients receiving frequent healthcare.
Within this group, the diseases causing severe dry mouth, such as head and neck radiotherapy and Sjögren's syndrome, may limit deglutition and digestion and impose dietary restrictions that may lead to hypovitaminosis A (43, 44) . Therefore, dietary habits and vitamin A levels should be evaluated in patients presenting the diseases described above and ocular surface complications. Although patients commonly present with dry eye disease associated with these conditions, the clinical picture may be aggravated by hypovitaminosis A.
Renal failure and hemodialysis are associated with dry eye disease and ocular surface changes in diabetic and nondiabetic patients (45, 46) . There is currently controversy regarding lower vitamin A levels in such patients as renal failure reduced the reliability of traditional methods of measuring vitamin A levels. However, lower blood vitamin A levels have been shown to be associated with higher morbidity and mortality in these patient populations (47, 48) . Recently, a case of night blindness and compatible retinal changes was described in a hemodialysis patient with apparent normal levels of serum retinol that were corrected with retinol palmitate treatment (49) .
sIDe effeCTs Of vITAMIN A MeDICAl Use
The utility of vitamin A topical eye drop administration in treating dry eye has been comprehensively investigated (50, 51) . Vitamin A topical eye drops may also have utility in the treatment of skin diseases and specific types of cancer including ocular surface neoplasia (52, 53) . However, excessive vitamin A intake is known to induce gastric and neural side effects such as abdominal and head pain, nausea, and irritability (54, 55) . These symptoms may be aggravated by chronic use of vitamin A eye drops and lead to the development of blurred vision and pseudotumor cerebri (56) (57) (58) . A clinical history of dry skin and mucosa, nausea, and retinoic acid intake in meals or pharmaceutical formulations should inform suspicion of acute and chronic side effects or consequences of excessive vitamin A dosing.
Recently, two publications reviewed the mechanisms underlying the induction of meibomian gland dysfunction and dry eye symptoms by systemic retinoic acid therapy for acne. The authors discussed the effects of systemic and topical skin or ocular application of different forms and doses of vitamin A formulations. Moreover, it was persistent meibomian gland dysfunction after systemic retinoic acid discontinuation was reported (4, 52) .
CAse RepORTs
Case report 1: A 2-year-old boy presented with a history of conse cutive episodes of hordeola affecting the upper and lower lids of both eyes over the preceding 12 months. The patient had a history of photophobia and crying without tears. Previous ocular treatment included lubricants and antiallergic eye drops. The patient was an only child with no other personal or family antecedents. His dietary habits were based on soft drinks and junk food between meals with deficient intake of meat, milk derivatives, vegetables, and fruits. Swollen lids and hordeola affecting both eyes were observed on examination. He was able to fix and follow light projection with both eyes but was unable to perform visual acuity testing. Slit lamp examination demonstrated mild punctate keratitis and an epithelial defect in the right cornea. The rest of the ocular examination was normal. His body weight matched the 50th percentile for age and sex (12.7 kg); however, his height was in the tenth percentile (84 cm). Laboratory testing was requested and identified hypochromic and microcytic anemia with low blood levels of iron and retinol (32.7 μg/dl and 0.20 mg/l, where the normal levels for children are 50-150 μg/dl and 0.30-0.80 mg/l, respectively).
Clinical findings and laboratory testing indicated the chronic presence of hordeola, syndrome sicca, growth retardation, and anemia were all consequences of a diet deficient in essential elements such as vitamin A and iron (Fe). The diet was reoriented, and the child was maintained under close observation by his pediatrician until clinical signs improved fully.
Case report 2: A 71-year-old woman presented with decreased vision and pain in the left eye (OS) for 20 days and a diagnosis of corneal ulcer. She was receiving antibiotic and corticosteroids eye drops at the time of presentation. She had previously undergone cataract surgery in both eyes 2 months prior to this presentation. Her medical history was noncontributive except for inappetence and weight loss of approximately 10 kg over the preceding year. Her visual acuity was 0.5 in her right eye (OD) and counting fingers at 1 m OS. Biomicroscopic examination revealed conjunctiva hyperemia and a 1.5 mm by 2.5 mm corneal ulcer without secretion or infiltration. A diagnosis of microbial keratitis was made, and eye drops were changed accordingly. During follow-up, she developed a corneal ulcer OD and the ulcer in the OS worsened. Severe corneal punctate fluorescein staining and conjunctival Rose Bengal staining were observed in both eyes. The Schirmer test without anesthesia was zero in both eyes. Her salivary flow was 0.06 ml/min (normal values >0.1 ml/min; Figure 3 ). Laboratory tests were positive for SSa and SSb (anti-Ro and anti-La antibodies, respectively), and blood levels of vitamin A were 0.2 mg/l. A minor salivary gland biopsy demonstrated leukocyte infiltration with focal organization, ductal dilation, and extensive fibrosis replacing acinar structures. The focus score was graded 4. During evaluations, the patient developed corneal melting OD and underwent penetrant keratoplasty. The present findings indicated a diagnosis of Sjögren's syndrome aggravated by hypovitaminosis A. After a period of corticosteroids and vitamin A therapy, her general and ocular symptoms improved. Her case illustrates a delicate combination of causes of sicca syndrome (Sjögren's syndrome and hypovitaminosis A) leading to a severe presentation. The extensive fibrosis of salivary gland structures, almost completely replaced by fibrosis, may be a consequence of concurrent disease and ageing (Figure 3 D) .
Case report 3: A 22-year-old woman presented with ocular pain, lid edema, and thick tearing for 5 months not improved by lubricants, cyclosporine eye drops, or bandage contact lenses. She reported a habit of mucous fishing. Her previous medical history included myopia, allergy, and acne vulgaris. She had been prescribed a 6-month course of oral isotretinoin 6 years previously without side effects and again 6 months prior to the current complaint. Examination revealed skin scarring, meibomian gland dysfunction, and punctate and filamentary keratitis that was worse OD (Figure 4) . The tear film breakup time was 3 s in both eyes and the tarsal conjunctiva presented papillary reaction. The Schirmer test without anesthesia was zero in OD and 2 mm in OS, and her salivary flow rate was 0.033 ml/min. Laboratory testing was negative for hormonal abnormalities, and cystic fibrosis and her vitamin A blood levels were 0.4 mg/l. Tests for autoimmune diseases were negative for SSa and SSb, rheumatoid factor, and antinuclear antibody. Her condition was attributed to a side effect of isotretinoin treatment that had persisted after an 18-month interruption of oral isotretinoin intake. Her case corroborates previous reports of vitamin A-induced dry eye and represents a severe form of this condition that persisted after discontinuation of the causative medication.
INvesTIgATION
Hypovitaminosis A should be suspected in all cases of night blindness, ocular surface foreign body sensation, and photophobia without other evident causes. Crying without tearing is another relevant symptom of hypovitaminosis A. Recurrent hordeolum, meibomian gland dysfunction identified by gland dropout or inflammation with thickened lipid secretion, corneal epithelial defect, conjunctiva metaplasia (where Bitot's spot is an advanced form and a hallmark), and diffuse punctate keratitis also represent signs suspicious for hypovitaminosis A.
In all patients suspected to have hypovitaminosis A, a dietary intake and nutritional habits enquiry must be conducted, with previously validated evaluation models available. In children, investigations of height and weight gain during the management period may also have utility.
The utility of blood vitamin A levels measurements is broadly accepted, and a classification system established by the World Health Organization has defined low vitamin A levels as serum retinol concentrations <0.3 mg/l or 0.7 µM. There have been concerns regarding the reliability of blood concentration measurements as the liver is able to sustain normal levels even in extremely vitamin A-deficient states (19, 59, 60) . Other blood tests including complete blood count, protein, albumin, micronutrients, electrolyte concentrations, and stool fat microscopy have all demonstrated utility in assessing vitamin A deficiency severity. In addition, liver function tests, serology for hepatitis, and sweat sodium chloride test values >60 mM may aid in distinguishing between liver diseases and cystic fibrosis, respectively.
Ocular surface assessments may be performed with vital staining and tear secretion measurements (fluorescein dye and Schirmer's test). Corneal and conjunctival impression cytology allows documentation of ocular surface epithelial metaplasia, square and speculate cells morphology, reduced nuclear size, and the absence or paucity of goblet cells on microscopy. Ocular surface assessments have demonstrated utility as simple and mildly invasive methods of recording and monitoring hypovitaminosis A in early xerophthalmia (61) .
CONClUsION
The major aim of treatment is to restore vitamin A levels in cases of hypovitaminosis and reduce exposure in conditions associated with side effects of oral or skin topical vitamin A use. Details regarding dosage and administration routes are outside the scope of the present review, as they are dependent on the underlying cause, patient characteristics, and severity of individual cases.
Healthcare professionals attending poor populations and patients with chronic malabsorption syndrome, hepatic, and other related diseases should be familiar with the classic causes of hypovitaminosis A. The modern causes of hypovitaminosis A do not have the same magnitude in terms of prevalence but should be considered by ophthalmologists in daily clinical practice. Hypovitaminosis A can cause blindness and corneal opacity, but it is also an important cause of morbidity and mortality.
Increased suspicion of hypovitaminosis A due to ocular surfa ce symptoms and signals should direct prompt investigation of nu tritional and digestive problems followed by interdisciplinary management allowing early diagnosis and treatment of the causes and effects of the majority of diseases related to hypovitaminosis A. 
